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Description 

BACKGROUND OF THE IIMVENTION 
5 Field of the Invention 

This invention relates to polyurethane foam surfactants by means of surfactants made from polydiallcyl- 
siloxane-polyoxyalkylene copolymers which have both hydrocarbon and hydroxy capped polyoxylalkyiene 
pendants on the same copolymer. These surfactants have particular advantage in manufacturing flexible 
10 polyurethane foam with higher than nomial amounts of solid polymer. 

Prior Art 

Molded, flexible polyurethane foams are produced by the reaction of high molecular weight polyols, 

IS which polyols have greater than 40% of primary hydroxyl capping, with organic isocyanates and water. 
Molded, flexible polyurethane foams are distinguishable, in part, from conventional hot cure polyurethane 
foams by the use of such a high percentage of primary hydroxyl groups as well as by the fact that molded 
flexible polyurethane foams require little or no oven curing and thus are often referred to as cold cure 
foams. Such foams are extremely desirable for cushioning applications because of their excellent physical 

20 properties, e.g., very high foam resiliency, open celled structure, low flex fatigue, i.e., long life, and high 
SAC factors, i.e., load bearing properties. 

Because of the high reactivity of molded, flexible foam ingredients and their rapid buildup of gel 
strength, sometimes the foam can be obtained without a cell stabilizer. However, such foams typically have 
very inregular, coarse cell structure as particularly evidenced by surface voids. A variety of attempts have 

25 been made to solve this problem through the use of stabilizers consisting of substituted polydimethyl- or 
polyphenylmethylslloxanes. 

One group of stabilizers, described in U.S. - A - 3.741,917 and 4,031.044 is based on polydimethylsilox- 
anepolyoxyalkylene copolymers. The polyoxyalkylene pendant groups on the stabilizers in these patents, 
however, are always hydrocart>on capped. 

30 Other polysiloxanes bearing pendant groups have also been claimed as stabilizers for molded flexible 
urethane foam. In general they are copolymers consisting of a polydimethylsiloxane to which are attached 
organic pendant groups that include: methyl groups (U.S. - A - 2,901 ,445); cyanoalkyi groups (U.S. - A - 
3,905,924): phenylethyl groups (U.S. - A - 3,839.3S4); alkyi groups (U.S. - A - 4.306,035); trimethylslloxy 
groups (U.S. - A - 3,884,847); sulfolanyloxyalkyl groups (U.S. - A - 4,110,272); morpholinoalkoxyalkyi groups 

J5 (U.S. - A - . 4,067,828), and the tertiary hydroxyalkyi group (U.S. - A - 4,039,490). None of these patents 
suggest hydroxy terminated polyoxyalkylene pendant groups attached to the siloxane chain let alone a 
copolymer with a mixture of both hydroxy and hydrocarbon terminated pendants on the same copolymer. 

Recent U.S. - A - 4,478,957 does describe polysiloxane-polyoxyalkylene copolymers wherein the 
polyoxyalkylene portions of the copolymer are either totally hydroxy terminated or totally alky I. carboxy, or 

40 alkylaryl capped. Again, however, this patent does not contemplate using a single copolymer which has 
both hydroxy terminated and hydrocart)on terminated polyoxyalkylene pendants attached to it. Nor does the 
patent contemplate the use of hydroxy capped pendants when the copolymer might be used in a blend with 
another copolymer. 

Moreover, all of the above mentioned stabilizers have been designed for molded flexible polyurethane 
45 foam containing low levels of reinforcing grafted copolymer rather than those containing high concentrations 
of these solids. This distinction is important for reasons discussed below. 

Reinforcing grafted copolymer polyols are typically prepared by polymerizing one or more ethylenically 
unsaturated monomers, for example styrene and acrylonitrile. in a polyether polyol, or by reacting a 
diisocyanates with polyamines or hydrazines in a polyether polyol. Typically, the reinforcing grafted 
so copolymer polyols for current molded polyurethane formulations contain about 20 percent solids In the 
polyol. This is normally formulated as about 50 percent of the final grafted copolymer content, thus bringing 
the actual solids content to about 10 percent. 

Recently, however, it has become desirable to manufacture molded, flexible foam with increased 
firmness. Increased firmness is desirable so that thinner or lower density foam sections can be manufac- 
55 tured with load bearing properties equal to sections cunrently being made, or for the manufacture of 
sections with greater firmness where higher load bearing foam is desired. Such improved foams are 
especially desirable in the automotive seat market where reduced size and weight are important consider- 
ations in the design of smaller automobiles. One important method of achieving greater foam firmness is to 
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increase the concentration of solids used in the urethane formulation. 

Most recently, blends of conventional flexible polyurethane ioam surfactants and high resiliency 
polyurethane foam surfactants (U.S. - A -4,309,508 and 4,477.601) have been taught as a method of 
increasing the concentration of these solids in the total polyol mixture. The small amounts of a conventional 

5 surfactant required presents considerable difficulties as minor errors in preparing these stabilizers can have 
significant, adverse effects on the performance characteristics of foam stability or foam breathability. Also, 
as in those systems for stabilizing low levels of reinforcing grafted copolymer solids, hydroxy groups are 
not present as the capping group in the pendant chain of these copolymers. 

Of further concern in selecting a stabilizer is the breathability or open celled character of foam. Greater 

10 breathability, i.e., more open celled character, of the foam is desirable because It provides a greater 
processing latitude. A narrow processing latitude forces the fbamer to adhere to very close tolerances in 
metering out the foaming ingredients which can not always be accomplished. Further, greater breathability 
provides foam that is considerably more easy to crush, thus avoiding splits that might occur during 
crushing. This characteristic is particularly desirable in foamed parts that incorporate wire inserts which are 

t5 difficult to crush. 

This invention provides stabilizers that are. capable of providing foam stability for the desired higher 
levels of reinforcing grafted copolymer solids in high resiliency molded polyurethane foam. This invention 
also provides stabilizers that meet the above criteria and provide high breathability foams. A method is 
provided for preparing these stabilizers. A method is further provided for meeting the stability and 
20 breathability requirements of particular finm foam formulations over a wide range of reinforcing grafted 
copolymer concentrations. 

Objectives 

25 It Is thus an object of this invention to provide increased foam stabilization and foam breathability by 
utilizing a single polydialkylsiloxane-polyoxyalkylene copolymer having two or more polyoxyalkylene pen- 
dants capped at least one of which is capped with a hydroxy group and at least one of which is capped with 
either an alkyi group or witii an acyl group. 

Another object of this invention is to provide a process for making an improved open celled, i.e., high 
30 breathability, polyurethane foam from the copolymer described. 

It is a still further object of this invention to provide surfactants which can be used in manufacturing 
foam with higher than normal amounts of solid polymer. 

It is yet another object of this Invention to provide foams having fewer surface voids. 
It is still another object of this invention to provide a process for manufacturing foam utilizing broad 
35 processing latitude. 

BRIEF SUMMARY OF THE INVENTION 

This invention is based on the discovery that a polydialkylsiloxane copolymer bearing t>otii hydroxy 
40 capped and hydrocarbon capped polyoxyalkylene pendants attached to the free end of the polyethers. on 
the siloxane, can be used to control the cell structure of molded, flexible polyurethane foam, particularly 
foam containing a high content of reinforcing graft copolymer. Moreover, voids in the foam are eliminated or 
greatly reduced by the instant invention. Furtiier, these stabilizing advantages are gained while at the same 
time broad processing latitude and open celled, i.e., high breathability, foam is produced. 
45 According to the invention there is provided a polyurethane foam surfactant which comprises: 

one or more polydiaikylsiloxane-polyoxyalkylene copolymer(s) wherein the polydialkylsiloxane backbone 
contains no more than 10 silicon atoms and the backbone Is substituted with an average of at least 0.5 
polyoxyalkylene substituents wherein 

(a) 5 to 95 percent by weight of the pendants on the copolymer have the formula 

50 

•R(R')a(R")bX and 

(b) 95 to 5 percent by weight of the pendants on the copolymer have the formula 
55 -R(R')c(R")dOH 

wherein R Is an alkylene group of 1 to 4 carbons linked to the silicon atom, R' is an oxyalkylene group of 
1 to 4 cart)ons, R" Is a second oxyalkylene group of 1 to 4 carbons which is different from R', a + b is 1 
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to 15, and X is -OR^or 

-0CR3 

^ o 

where is a monovalent all<yl group of 1 to 4 cart)ons; and c + d is 1 to 10. 
Further embodiments of the invention are set forth in the attached claims. 
10 The invention further relates to the use of said surfactants as foam stabilizers in a process for making 
molded, flexible polyurethane foams, and to control the foam breathability through the selection of the 
relative amounts of 1 and 2 in the above described stabilizers. 

Detailed Description of the Invention 

75 

This invention is based on the discovery that polysiloxane copolymers which contain both hydroxy and 
hydrocarbon terminated polyoxyalkylene pendants provide unexpected improvements in foam stabilizing 
and foam breathability contributions of the stabilizer. Blends of polydlalkylslloxane-polyoxyalkylene 
copolymers where one copolymer contains hydroxy terminated polyoxyallcylene pendants and another 

20 copolymer contains alky) or acyl terminated polyoxyalkylene pendants are also described although the 
advantages attained using these blends are not as great as with the single copolymer having mixed 
pendants. A method has also been discovered for controlling the amount of foam stabilization and foam 
breathability by controlling the relative amounts of hydroxy or hydrocarbon capping on the pendants. These 
discoveries allow for the production of high breathability, i.e.. open-celled, molded, flexible, polyurethane 

25 foam having levels of reinforcing grafted copolymer from essentially none to concentrations well in excess 
of that now possible with conventional stabilizers. The high solids content can be Increased by either 
increasing the concentration of conventional grafted copolymer polyols used In making the resulting 
urethane foam or by increasing the concentration of copolymer added to the polyol used to make the foam. 
Foams with higher reinforcing grafted copolymer levels are desirable because they can be used to make 

30 firmer foams with improved load bearing capability. 

Reactants and Process Conventionally Used For Making the Polyurethane Foam 

Polyurethane foam is typically made by combining ethylenlcally unsaturated monomers in polyether 
35 polyol to form grafted copolymer polyols and combining these grafted copolymer polyols with isocyanate, 
catalyst, surfactant and blowing agent. 

The polyether polyol reactants employed in this invention can be any polyether polyol containing at 
least 40 mole percent of primary hydroxy I groups and having a molecular weight from 2.000 to 8,000. The 
preferred polyether polyols used in this invention are polyalkylene-ether polyols obtained by the chemical 
40 addition of alkylene oxides to trihydroxyl organic containing materials such as glycerol; 1 ,2,6-hexanetriol; 
1.1,1-trimethylolpropane: and the like as well as mixtures thereof. The alkylene oxides employed in 
producing the preferred polyether polyols described above normally have from 2 to 4 carbon atoms, 
inclusive while propylene oxide and mixtures of propylene oxide and ethylene oxide are especially 
preferred. 

45 The polyether polyol reactants used in this invention can be mixtures consisting essentially of said 
above defined polyether triols and other polyether polyols having an average of at least two hydroxyl 
groups, said above defined polyether triols amounting to at least 40. preferably 50 , weight percent of the 
total polyether polyol content of the mixtures. Illustrative of such other polyether polyols are diols, tetrols 
and reinforcing graft copolymers polyols, as well as mixtures thereof. Examples of such polyether polyols 

50 that can be mixed with the at>ove defined polyether triols include those adducts of alkylene oxide to such 
polyols as diethylene glycol; dipropylene glycol; pentaerythritol; sorbitol; sucrose; lactose; alphamethyl- 
glucoside; alpha-hydroxyalkglucostde; novolac resin: water; ethylene glycol; propylene glycol: trimethylene 
glycol; 1,2-butylene glycol; 1 .3-butanedlol; 1 .4-butanediol; 1.5-pentanediol; 1 .2-hexanedlol; 1.2-hexane gly- 
col; 1,10-decanediol; 1 ,2-cyclohexane- diol; 2-butene-1,4-diol; 3-cyclohexane-1,1- dimethanol; 4-methyl-3- 

55 cyclohexene-1.1 -dimethanol; 3-methyl-1,5-pentanedlol; 4-(2-hydroxyethoxy)-1-butanol; as well as mixtures 
thereof. 

The reinforcing grafted copolymer polyols used In this invention are obtained by polymerizing 
ethylenlcally unsaturated monomers In a polyether polyol as described in GB - A - 1,063,222 and In U.S. - 
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A - 3,383,351. Suitable grafting monomers for producing such compositions include, for example, ac- 
rylonitrile, vinyl chloride, styrene, butadiene, paramethyl styrene and vinylidene chloride. Suitable polyether 
polyols for producing such grafted copolymer polyols include, for example, those polyether polyols 
hereinabove-described. These graft copolymer/polyether polyol compositions can contain from 1 to 70 

5 weight percent, preferably 5 to 80 weight percent, and most preferably 10 to 50 weight percent of the 
unsaturated monomer polymerized in the polyether polyoi. Such compositions are conveniently prepared by 
polymerizing the monomer in the selected polyether polyol at a temperature of 40 to 150* C in the 
presence of a free radical polymerization catalyst, such as peroxides, persulfates, percarbonates, perborate 
and azo compounds as more fully described by the above patent references. This polymerization is 

10 preferably done in situ. Especially prefenred are the graft polymer/polyether polyols obtained from mixtures 
of acrylonitrile and styrene and polyether triols. 

Suitable reinforcing graft copolymer polyols employed in this patent may also be obtained from reacting 
dlisocyanates with polyamines or hydrazines in polyether polyol solutions as described in U.S. - A - 
4,042.537. Reactants for producing said grafted copolymer polyols include among others the 

15 polyisocyanates such as 2,4- and 2,6-toluene dlisocyanates and mixtures of these isomers, polyphenol- 
polymethylene polyisocyanates, and hexamethylene diisocyanate. The isocyanates are reacted with either 
polyamines or hydrazines to form the polymer dispersed within and grafted to the polyether polyol solvent 
for the reaction. Suitable polyamines include: divalent and higher polyvalent primary or secondary, aliphatic 
araliphatic cycloaliphatic or aromatic amines. Specific examples include among others, ethylene diamine, 

20 hexamethylene diamine. 4-aminobenzylamlnes, 4,4'-diaminodicyclohexylmethane, phenylene diamines, and 
toluene diamines. Suitable hydrazines include hydrazine, methyl hydrazine, hydrazine hydrate, phenyl 
hydrazine, benzyl hydrazine, and cyclohexyl hydrazine. The level of polyureas of polyhydrazodicar- 
bonamides dispersed in the polyether polyol may vary within wide limits, although it is generally from 1 to 
40 percent by weight based on 100 parts by weight of polyether polyol. 

25 A variety of organic isocyanates can be employed in the foam formulations of this invention for reaction 
with the polyether polyol starting materials above described to provide potyurethane foams. Preferred 
isocyanates are polyisocyanates and polythiocyanates of the general formula: 

Q(NCO), 

30 

wherein i is an integer of 2 or more and Q is an organic radical having the valence of L For instance, Q can 
be a substituted or unsubstituted hydrocarbon radical, such as alkylene and arylene, having one or more 
aryl-NCO bonds and/or one or more alkyl-NCO bonds. Q can also Include radicals such as -RZO-, where R 
is an alkylene or arylene group and Z is a divalent moiety such as CO, SO2 and the like. Examples of such 

35 compounds include hexamethyl diisocyante. 1 ,8-dlisocyanato-p-methane, xylene dlisocyanates, 
(0CNCH2 CH2 CH2 0CH2)2 0, 1 -methy 1-2.4-diisocyanatocyclohexane. phenylene diisocyanates, toly lene 
dlisocyanates, chtorophenylene diisocyanates, diphenylmethane*4,4'-dilsocyanate, napthalene-,5- 
dilsocyanate. triphenylmethyl-4.4',4''-triisocyanate. and isopropylbenzene-alpha-4-diisocyanate. Further in- 
cluded among the isocyanates useful in this invention are dimers and trimers of isocyanates such as those 

40 having the general fonmula: 

Q(NCO)i and (Q(NCO)i)j 

which i and j are integers of 2 or more, and/or (as additional components in the reaction mixtures) 
45 compounds of the general fomnula: 

L(NCO), 

in which i is one or more and L is a monofunctional or polyfunctional atom or radical. More specifically, the 
50 polyisocyanate component employed in the polyurethane foams of this Invention also include the following 
specific compounds as well as mixtures of 2 or more of them: 2,4-tolylene diisocyanate. crude tolylene 
diisocyanate, bis(4-isocyanatophenyl)methane. polymethane polyphenylisocyanates that are produced by 
phosgenation of anilineformaldehyde condensation products. 2,4,6-toluenetrilsocyanate, and many other 
organic polyisocyanates that are known in the art such as those disclosed in an article by Siefken, 
55 Ann.,565,75 (1949). In general, the aromatic polyisocyanates are preferred. 

Particularly useful isocyanate components are combinations of isomeric tolylene diisocyanates and 
polymeric isocyanates having units of the formula: 
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NCO 



5 




CH2 



R 



X 



10 



wherein R is hydrogen and/or lower alkyi and x has an average value of at least 2.1. Preferably the lower 
alky I radical is methyl and x has an average value of from 2.1 to 3.0. 

The amount of polylsocyante employed will vary slightly depending on the nature of the polyurethane 
being prepared. In general the polyisocyanates are employed in the foam formulations of this invention in 

75 amounts that provide from 80 to 150 percent, preferably from 90 to 110 percent of the stoichiometric 
amount of the isocyanato groups required to react with all of the hydroxyl groups of the organic polyol 
starting materials and with any water present as a blowing agent. Most preferably, a slight amount of 
isocyanato groups in excess to the stoichiometric amount is employed. 

The blowing agents which can be employed in the process of this invention include water, liquified 

20 gases which have boiling points below 57^C (80 • F) and above -51 (-60' F). or other inert gases such as 
nitrogen, carbon dioxide, helium and argon. Suitable liquified gases include saturated aliphatic 
fluorohydrocarbons which vaporise at or below the temperature of the foaming mass. Such gases are at 
least partially fluoronated and can also be otherwise halogenated. FluorocartwDn blowing agents suitable for 
use in foaming the formulations of this invention include trichlorofluoromethane, dichlorodiftuoromethane, 

25 dichlorofluoromethane, 1 .1 -chloro-1 -fluoroethane. 1 ,1 -difluoro-1 ,2.2-trichloroethane, and 1 ,1 ,1 ,2,3.3,4.4.4-non- 
afluoro-2-chlorobutane. The preferred blowing agent for the process of this invention is trich- 
lorofluoromethane. The amount of blowing agent used will vary the density in the foamed product. Usually 
from 2 to 20 parts by weight of the blowing agent per 100 parts by weight of the organic polyol starting 
materials are preferred. 

30 The catalysts employed in this invention to produce polyurethanes include any of the amines or metal 
catalysts used in producing molded, flexible polyurethane foam. Illustrative of such conventional amine 
catalysts are N-methyl morpholine, N-ethyl morpholine, hexadecyl dimethylamine, triethylamine, N,N,N',N'- 
tetramethyl-1,3-butanediamine. N,N-dimethylethanol-amine. diethanolamine, 3-dimethylamino-N,N-dimethyl- 
propionamide. bis(2-dimethylaminoethyl)ether. N,N.N',N'-tetramethyl ethylenediamine, 4,4' -methylene bis(2- 

35 chloroaniline), dimethyl benzylamine, N-coco morpholine, triethylene diamine, the formate slats of 
triethylene diamine, other salts of triethylene diamine and oxyalkylene adducts of primary and secondary 
amino groups. Illustrative of conventional metal catalysts are the tin salts of various carboxylic acids and 
nickel acetylacetonates. The preferred metal catalyst for the process of this invention is dibutyltindilaurate. 
Such amine and metal catalysts are preferably employed In the mixtures in an amount from 0.1 to 2 weight 

40 percent based on the total weight of the organic polyol starting material. 

Other additional ingredients can be employed in minor amounts in producing the high resiliency 
polyurethane foams in accordance with the process of this invention, if desired, for specific purposes. Thus 
flame retardants, e.g., trichloroethylphosphine can be used to reduce any tendency of the polyurethane 
foam to flammability. Of course, any suitable organic solvent for the catalysts can be used which does not 

45 substantially adversely affect the operation of the process or reactants. Examples of such solvents for the 
catalysts include polyols. e.g., 2-metiiyl-2,4-pentanediol and dipropylene glycol. 

In accordance with tiiis invention, the molded, flexible polyurethane foams can be produced by any 
suitable technique. The preferred process is a one-step or one shot technique wherein all of the reactants 
are reacted simultaneously with the foaming operation. A second general process is called the prepolymer 

50 process whereby a prepolymer is formed by reacting the polyether polyol with a small excess of the 
isocyanato and later foaming the prepolymer by the reaction with water or an inert blowing agent. Another 
method which can be used is the quasi-prepolymer technique which involves reacting a large excess of the 
isocyanato with the polyether polyol with additional polyether polyol in tiie presence of a blowing agent. 
Because of the high exothermic nature of the reaction, high resiliency polyurethane foams are rapidly 

55 produced without the need of any external heat by mixing the reactants at ambient temperature and pouring 
the foaming reaction into a suitable mold and allowing the foam to cure itself. Of course, if desired, the 
overall reaction can be further accelerated by preheating the mold and/or employing conventional high 
temperature post cure procedures. Of course, it is to be understood that the cold cure polyurethane foams 
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of this invention can also be prepared in slabstocit form if desired. 
Stabilizers 

5 The essential component in forming the urethane foam is the polydialkylsiloxane-polyoxyalkylene 
stabilizers that are the object of this invention. It is these polydialkylsiloxane-potyoxyalkylene stabilizers that 
provide cured foam that has fine uniform cells; is free of voids, splits, and holes; and is substantially free 
from shrinkage. The relative amount of polydialkylsiloxane-polyoxyalkylene stabilizer used to make the 
polyurethane foam can vary over wide ranges but are generally employed in amounts ranging from 0.02 to 

10 5 parts by weight or greater per 100 parts of the grafted copolymer polyol, i.e., the combined added 
copolymer and polyol. Generally there is no commensurate advantage to using these stabilizers in excess 
of 5 parts by weight, while the use of amounts below 0.02 parts by weight can result in foam instability. 
Preferably the polydialkysiloxane*polyoxyalkylene stabilizers are employed in amounts ranging from 0.02 to 
2.0 parts by weight by 100 parts by weight of the organic polyol. The preferred alkyi substituent on the 

15 polydialkylsiloxane portion of the copolymer of this invention is methyl. 

The stabilizer of this invention consists of a potydialkylsiloxane-polyoxyalkylene copolymer wherein the 
polysiloxane contains no more than 10 silicon atoms and the polysiloxane is substituted with an average of 
at least 0.5 polyoxyalkylene substituent pendants wherein: 

1. 5 to 95 percent by weight of the pendants on the copolymer have the formula 

20 

-R(R')a(R")bX 

wherein R is an alkylene group of 1 to 4 carlwns linked to the silicon atom, R' is an oxyalkylene group of 
1 to 4 carbons. R" is a second oxyalkylene group of 1 to 4 carbons which is different from R'. a + b Is 1 
25 to15, andXIsOR^or 

CX»3 



where R^ is a monovalent alkyI group of 1 to 4 carbons; and 

2. 95 to 5 percent by weight of the pendant on the copolymers have the formula 

35 -R(R')c(R')dOH 

wherein R is an alkylene group of 1 to 4 carbons linked to the silicon atom, r' is an oxyalkylene group of 
1 to 4 cart)ons, R' is a second oxyalkylene group of 1 to 4 cart}ons which is different from R'. and c + d 
is 1 to 15. 

40 More particularly, the stabilizer is comprised of linear or branched polydialkylsiloxanes that are 
substituted with the above described mixture, of polyoxyalkylene pendants. The pendant groups can be 
attached either Internally to one of the silicone atoms, to one of the terminal silicone atoms, or some 
combination of both. Although the attached alky I group can have 1 to 60 carbons, preferably, the 
polydialkylsiloxanes are polydimethylsiloxanes that may be linear structures constructed from D (Me2Si- 

^ (Omh) chain extending units and M (Me3SiOi/2) chain terminating units that contain the above described 
polyalkyleneoxide pendants either Intemalty on some of the D units, or terminally on some of the M units, or 
both. Alternatively, the polydialkylsiloxanes may be constructed from M, D. and T (MeSi(Oi/2)3) or Q (Si- 
(O1/2H) units, thus creating branching with the polydimethylsiloxanes. In these branched polydialkylsilox- 
anes, the polyoxyalkylene pendants may be attached to the M. D or T units or any combination of these 

50 three. 

Specific examples of this stabilizer Include: 

Me3SI(OSIMe2)h(OSiMeQ)i(OSIMeP)]OSiMe3 

55 wherein Me is a methyl group, I has a value of 0.025 to 3.0, j has an average value of 0.025 to 3.0 such that 
i/j is in the range of 0.05/0.95 to 0.95/0.05. I + j has an average value of 0.5 to 3.0. h + i + j has an 
average value of 0.5 to 8.0. Q is 
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-R(R')a{R")bX 
and P is 
5 -R{R')c(R")dOH 

wherein R. R\ R", a, b, c, d, and X, are as described as above; 
DgSi((OSiMe2)h(OSiMeQ),(OSiMeP)jOSiMe3)4-g 

10 

wherein D is a hydrocarbon radical free of aliphatic unsaturation and contains from 1 to 10 carbon atoms, g 
has a value of 0 to 3. and Me, h, i, j. Q, and P are defined as above; 

(QMe2Si)k(OSiMe2)h(OSiMeQ)i(OSiMeP)j(OSIMe2P)i 

75 

wherein Q, P, h, i, and j are as described above, k has an average value of 0*1 to 1.9, I has an average 
value of 0.1 to 1 .9, and k + 1 equals 2.0; 

DgSi((OSiMe2)h(OSiMe2QUOSiMe2P)„)4-o 

20 

wherein D, Me. Q, P. and g are as described above, h has a value of 0 to 8, m has a value of 0.05 to 0.95, 
n has an average value of 0.05 to 0.95, and m n has an average value of 1.0.; and 

DoSI((OSiMe2)h(OSiMeQ)i(OSiMeP)i(OSiMe2P)„)4-g 

25 

where D, g, h, i, j, m and n are as defined above. 

Among the above described stabilizers, the preferred copolymer Is a linear polysiloxanepolyalkylene 
copolymer of the general formula 

30 Me3Si(OSiMe2)h(OSiMeQ)i(OSiMeP)jOSiMe3 

wherein Me is methyl group,h has an average value of 0.5 to 3.0. i has an average value of 0.025 to 3.0, j 
has an average value of 0.025 to 3.0, i/i has an average value in the range of 0.50/0.50 to 0.95/0.05. Q is 

J5 -R(R')a(R')bX 

wherein R Is propyl, R' and R' constitute a potyether made from oxyethyl, oxypropyl or a mixture of 
oxyethyl and oxypropyl groups to give a total molecular weight of 100 to 450, X is a methoxy group, and P 
is 

40 

-R(R')c(R")dOH 

wherein R is propyl, and R' and R" constitute a polyether made from oxyethyl. oxypropyl or a mixture of 
oxyethyl and oxypropyl groups to give a total molecular weight of 100 to 450. 

45 Improvements in stabilizer efficacy can also be realized by blending two different copolymers each 
having polyoxyalkylene pendants with varied capping. One of the polydialkylsiloxanepolyoxyalkylene 
copolymers, used from 5 to 95 percent by weight, consists of a polydialkylsiloxane containing no more than 
10 silicone atoms and having an average of 0.5 to 10 polyoxyalkylene substituent units which are capped 
with an alkyi or acyi group such that no active hydroxy groups remain. Specific examples of such a 

50 copolymer include: 

DgSi((OSiMe2)hOSIMe2E)4-o 

wherein D Is a hydrocarbon radical free of aliphatic unsaturation and contains from 1 to 10 carbon atoms, g 
55 has a value of 0 to 3, h has a value of 0 to 8, Me Is a methyl group. E is 

-R(R»)a(R")bX 



8 



EP 0 254 890 B1 



wherein R is an alkylene group of 1 to 4 carbons linked to the silicon atom, R' Is an oxyalkylene group of 1 
to 4 carbons, R" Is a second oxyalkylene group of 1 to 4 carbons which is different from R, a b Is 1 to 
15. and X is 
0R3 or 

5 

0C3l3 



where R^ is a monovalent alkyl group of 1 to 4 carfc>ons; 
EMe2SI(OSiMe2)h(OSIMeE)jOSIMe2E 
75 wherein E and Me are defined as above, and j has a value from 0 to 4, and h + j has a value of 0 to 8: 
DgSi((OSIMe2)h(OSiMeE)kOSiMe3)4-g 

wherein D, g, Me and E are as described above, k has an average value of 0.5 to 4, and h -f- k has an 
20 average value of 0.5 to 8; and 

Me3Si(OSIMe2)h(OSiMeE)kOSIMe3 

wherein Me and E are as described above, and k has an average value of 0.5 to 4 and h + k has an 
25 average value of 0.5 to 8. 

The second polyslloxanepolyoxyalkylene copolymer for making this blended stabilizer Is used from 95 
to 5 percent by weight and consists of a polydimethylsiloxane containing no more than 20 silicon atoms, 
having an average of 0.5 to 10 polyalkylene substituent units, which units contain an active hydroxy terminal 
group. Specific examples of such a copolymer include: 

30 

DgSi((OSIMe2)hOStMe2 F^a-q 

wherein D is a hydrocarbon radical free of aliphatic unsaturatlon and contains from 1 to 10 carbon atoms, g 
has a value of 0 to 3, h has a value of 0 to 8, Me is a methyl group. F Is 

35 

wherein R is a divalent organic group of 1 to 4 carbons linked to the silicon atom. R' is an oxyalkylene 
group of 1 to 4 carbons, R" is a second oxyalkylene group of 1 to 4 carbons, which is different from R'. and 
40 a + b Is 1 to 15; 

FMe2Si{OSiMe2)h(OSiMeF)jOSiMe2F 

wherein F and Me are defined as above, and j has a value from 0 to 8. and h + j has a value of 0 to 18; 

45 

DgSi((OSIMe2)h(OSiMeF)kOSIMe3)4-g 

wherein D, g, Me and F are as described above, k has an average value of 0.5 to 10. and h -4* k has an 
average value of 0.5 to 18; and 

50 

Me3SI(OSiMe2)h(OSiMeF)kOSiMe3 

wherein Me and F are as described above, and k has an average value of 0.5 to 8 and h -•■ k has an 
average value of 0.5 to 18. 

55 Within the at>ove description of copolymers for a blended stabilizer, the preferred blend is 75 to 95 
weight percent of a linear polyslloxanepolyalkylene copolymer with the formula: 

Me3Si(OSiMe2)h(OSIMeE)kOSiMe3 
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wherein Me is a methyl group, k has an average value of 0.5 to 2.5, h has an average value of 0.5 to 2.5 
and E is an oxyalkylene radical with a molecular weight from 100 to 450 of the formula: 

5 -R{R')a(R')bX 

wherein R is propyl. R' and R" constitute a polyether made from oxyethyl, oxypropyl or a mixture of 
oxyethyl and oxypropyl groups to give the desired molecular weight, and X is a methoxy group. 

This is blended with 25 to 5 weight percent of a linear polysiloxanepolyalkylene copolymer with the 
10 formula: 

Me3Si(OSiMe2)h(OSiMeF)icOSiMe3 

wherein Me is a methyl group, k has an average value of 0.5 to 6. h has an average value of 0.5 to 6, and F 
75 is an oxyalkylene radical with a molecular weight from 100 to 450 of formula: 

-R(R')c{R')dOH 

wherein R is propyl, r' and R" constitute a polyether made from oxyethyl, oxypropyl or a mixture of 

20 oxyethyl and oxypropyl groups to give the desired molecular weight. 

While the blends of polymers described above were found to produce surfactants which made more 
breathable and more stable foams, the Increases in stability and breathability were far more pronounced 
when utilizing single copolymers with mixed pendants attached. 

Selection of the ratio of alkyi or acyl capped to hydroxy terminated polyoxyalkylene in the stabilizer is 

25 dependent on the amount of solids to be used, and the desirability of open celled structure of the foam. It 
has been discovered that increasing the relative amount of hydroxy terminated material within the structure 
increases the amount of stability offered to the foaming solution. Thus, concentrations of grafted copolymer 
solid well beyond those examined in this or any other invention, can be stabilized by appropriately 
increasing the hydroxy level in the copolymer. 

30 Of further concern In selecting a particular stabilizer structure, is the breathability or open celled 
character of the foam as influenced by the stabilizer. The breathability of the foam can be controlled by 
adjusting the ratio of hydroxy terminated to alkyt or acyl capped polyoxyalkylene used in making the 
copolymer. Thus increasing the amount of alkyI or acyl capped material increases the breathability of the 
foam. 

J5 

EXAMPLES 

The following examples and procedures are presented to illustrate the invention. Those examples 
considered to be examples of the invention are numbered and comparative examples are lettered. 

40 

Definitions 



50 



55 



pphp 

Polymer polyol A 

Polyether Polyol B 
Polymer polyol C 

Amine catalyst A 
Amine catalyst B 



parts per 100 
parts of polyol used 

A polymer polyol consisting of about 40% by weight of an acrylonitrile/styrene 
polymer and the remaining 60% by weight of a base polyol such that the polymer 
polyol has a hydroxyl numt>er of 31 , and a functionality well understood by those 
practicing in the art. 

A polyether polyol based on ethylene and propylene oxides which polyol has a 
hydroxy number of about 35, about 80% primary, and a functionality well 
understood by those practicing in the art. 

A polymer polyol consisting of about 21% by weight of an acrylonitrile in styrene 
polymer and ttie remaining 79% by weight of polyol based on ethylene and 
propylene oxides which polyol has a hydroxy number of 28, and a functionality 
well understood by those practicing in the art. 

An amine catalyst made from bis(2-dimethylamino-ethyl)ether and dipropylene 
glycol in a ratio of 30 to 70. 

An amine catalyst made from triethylenediamine and dipropylene glycol in a ratio 
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10 



IS 



20 



26 



30 



35 



40 



45 



TDI 

MDI 

Surfactant L-5309 

Surfactant L-5303 

Surfactant L-5307 

Surfactant L-5311 

Surfactant L-5312 

AMTG 

APEG 

APPG 

M 

D 

D* 

cr 

D3 
D* 
D5 



of 33 to 67. 
Tolylene diisocyanate. 
Diphenylmethane diisocyanate 

A short chained silicone surfactant which is commonly available from Union 
Carbide under this trade designation. 

A short chained silicone which is commonly available from Union Carbide under 
this trade designation. 

A short chained silicone which is commonly available from Union Carbide under 
this trade designation. 

A short chained silicone which Is commonly available from Union Carbide under 
this trade designation. 

A short chained silicone which is commonly available from Union Carbide under 

this trade designation. 

allylmethoxytriglycol 

allyl started polyethylene oxide 

allyl started polypropylene oxide 

(CH3)3SiO,y2 

(CH3)2SiO 

The hydrosiiation product of CH3(H)SiO and an ally! started polyethyleneoxide of 
about 350 molecular weight 
CHa (CHa 0(CH2 CH2 Oh Ca He )SiO 

The hydrosiiation product of CHa(H)SiO and an alkyl started polyethyleneglycol 

with an average molecular weight of about 200 

The hydrosiiation product of CH3(H)SiO and a mixture of an allyl started poly- 
ethyleneoxide with an average molecular weight of 350 and allylmethoxytriglycol 
The hydrosiiation product of CH3(H)SiO and allylmethoxy-triglycol blended with an 
allyl started polyethylene-oxide of molecular weight 350, in the ratio designated in 
the adjacent column 

The hydrosiiation product of CH3(H)SiO and allylmethoxy-triglycol blended with an 
allyl started polypropylene-glycol of molecular weight 200. in the ratio designated 
in the adjacent column 

The hydrosiiation product of CH3(H)SI0 and allylmethoxy-triglycol (AMTG) blend- 
ed with either an allyl started polyethylene oxide (APEG) of molecular weight 200 
(GG, HH and II). or an allyl started polypropylene oxide (APPG) of molecular 
weight 200 (JJ, KK and LL) in the ratio listed in the adjacent column 
(AMTG/APEG or AMTG/APPG) 

The hydrosiiation product of CH3(H)SiO and allylmethoxy-triglycol (AMTG) blend- 
ed with either an allyl started polyethylene oxide (APEG) of molecular weight 200 
(BB and CC), or an allyl started polypropylene oxide (APPG) of molecular weight 
200 (DD and EE) in the ratio listed in the adjacent column (AMTG/APEG or 
AMTG/APPG) 

The hydrosiiation product of CH3(H)SiO and allylmethoxy-triglycol (AMTG) blend- 
ed with either an allyl started polyethylene oxide (APEG) of molecular weight 200 
(CC and MM through PP), or an allyl started propylene oxide (APPG) of molecular 
weight 200 (QQ and RR) in the ratio listed in the adjacent column {MATQJAPEG 
or AMTG/APPG) 



General Procedure 



50 



55 



A general foaming procedure was adopted for all of the foaming tests presented in this patent. With the 
exception of the isocyanate. all of the ingredients listed in a particular formulation were weighed into a cup. 
This solution was then stinted for 60 seconds. The solution was allowed to degas for 15 seconds. The 
isocyanate was added and the solution stirred for another 5 seconds. Rnally, the mixture was poured into 
the appropriate, preheated mold which was then sealed during the foaming reaction. After a 5 to 10 minute 
cure the mold was opened and the foam evaluated. 
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Block Mold Test and Evaluation 

The ability of a surfactant to stabilize foam against shear collapse in a mold was evaluated in a block 
mold test. A 381 x 381 x 102 mm aluminum mold was fitted with an 292 x 152 x 76 mm aluminum block. 
5 The block was situated on the bottom of the mold with each short side of the block 19 mm from side of the 
mold, and one long side of the block 25 mm from the side of the mold. The foaming solution was poured 
Into the open portion of the mold. After sealing the mold, the foam was allowed to flow around and over the 
block to fill the entire mold. 

After curing, the foam was removed and the top 12,7mm cut off. This allowed internal evaluation of 
10 shear collapse over the block and under the vents in the lower portion of the foam. The foam was evaluated 
from one to nine based on the amount of observed collapse, with one representing total collapse and nine 
representing little or no collapse. Thus the higher the rating the more effective the surfactant was in 
stabilizing the foam. 

75 Foam Breathability Test 

Foam breathability was measured using Formulation 2 to make foams in a 381 x 381 x 102 mm box 
mold. The foaming solution including a selected concentration of surfactant was prepared as described 
above and poured into the mold which was sealed while the foam cured. Upon removal, the foam was 

20 allowed to stand for 15 minutes. At this time the foam was observed for shrinkage. If no shrinkage had 
occurred, then a second foam was prepared using a higher concentration of surfactant This process is 
repeated until a break point is determined that coincides with the onset of shrinkage with Increased 
surfactant concentration. Since shrinkage Is related to the number of open cells in the foam, the 
breathability imparted to the foam by the surfactant can be determined by the amount of surfactant required 

25 to cause foam shrinkage. Thus, the higher the required surfactant concentration for shrinkage, the more 
breathable and better the surfactant. The concentration of the surfactant required for shrinkage is referred to 
as the top end. A higher top end being better. 

Copolymer Preparation 

30 

The copolymers tested in this patent were prepared by first equilibrating a source of (CH3)3SiOi/2 (M). 
(CH3)2SiO (D), and CH3(H)SiO (D') to make a distribution of oligomers with a nominal structure of MDxD'yM 
such that x and y are dependent on the initial amounts of M, D and d' used. An allyl started polyalkylether 
pendant (methyl and/or hydroxy terminated) is then hydrosilyated onto the siloxane to form the copolymer, 
05 MDxD*yM; where M, D, x and y are defined as above, and D* is the monomer unit t>earlng the pendant 
group. 

Although this method was used for the examples illustrated in this patent, it is not tiie only procedure 
for preparing the structures called for in the patent. 

40 Foaming Formulations 

Tests on the surfactants presented in this patent were based on one of the following fonnnulations: 

Formulation 1 

45 



Component 


Concentration 


Polymer polyol A 


50 


Polyether polyol B 


50 


Amine catalyst A 


0.1 


Amine catalyst B 


0.5 


Diethanolamine 


0.9 


Water 


3.0 


TDI/MDI (80/20) 


36.9 


Surfactant 


Varied 



Concentration is express in parts per 100 parts of polyol. 
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Formulation 2 



Component 


Concentration 


Polymer polyol C 


70 to 100 


Polyether polyol B 


30 too 


Amine catalyst A 


0.1 


Amine catalyst B 


0.5 


Diethanolamine 


0.9 


Water 


3.0 


TDI (103 Index) 


36.8 


Surfactant 


Varied 



Concentration is express in parts per 100 parts of polyol. 
Comparative Examples A-l 



These Examples demonstrate the need for a new class of surfactants that Is able to stabilize high solids 
concentrations in high solid content molded, flexible urethane foam. The tests were run using Formulation 1, 
as described above, which employs Polymer polyol A as the polymer polyol. It is important to note that the 
polyol contains 40% acrylonitrile/styrene polymer. When used at 50 pphp the solids content of the resulting 
foam is at)out twice the level normally found in high and solid content, molded, flexible urethane foam. 

Table 1 shows the results from a series of surfactants evaluated In the block mold test described above. 
Materials claimed as surfactants for molded, flexible urethane foam generally consist of a short chain 
silicone containing an alkyi or functional alkyi group as a pendant. The series shown in Table 1 Is a 
representative sampling of the surfactant structures cun^ently available. This includes structures that have 
methyl capped polyalkyleneoxide pendant groups. The Initial tests (Comparative Examples A-E) were run 
with 1 .5 pphp surfactant, which is the normally recommended concentration. The low ratings (2 or 3) for all 
the surfactants is the result of extensive foam collapse due to the inability of these surfactants, regardless of 
pendant group, to stabilize the foam. The second set of tests (Comparative Examples F-l) were run with 3.0 
pphp surfactant. At best, only modest gains in performance were observed for most of the surfactants. One 
received a rating of 4, while the rest were rated at 3, which denotes a considerable amount of collapse. 
Increasing the surfactant concentration beyond this level might be possible, but would have obvious 
economic disadvantages as well as potential performance problems. These results demonstrate that It Is the 
surfactant structure and not the concentration of surfactant used that Is limiting performance. 

Table 1 



Block Mold Test with Formulation 1 


Comparative 


Surfactant 


Cone, pphp 


Added Surfactant 


Cone. 


Foam 


Example 








pphp 


Rating 


A 


L-5309 


1.5 


none 




2 


B 


L-5303 


1.5 


none 




3 


C 


L-5307 


1.5 


none 




3 


D 


L-5311 


1.5 


none 




2 


E 


L-5312 


1.5 


none 




3 


F 


L-5309 


3.0 


none 




3 


G 


L-5303 


3.0 


none 




4 


H 


L-5307 


3.0 


none 




3 


1 


L-5311 


3.0 


none 




3 



Surfactant concentration Is expressed in parts per 100 parts of polyol used in the formulation (pphp). 
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Comparative Examples J-0 

These Examples demonstrate that although many of the hydroxy terminated pendant copolymers useful 
in this invention are capable of stabilizing high solid content, molded, flexible foams against surface voids, 
5 some structures that are useful in this invention can not stabilize foam against surface voids. The use of a 
copolymer blend, i.e., copolymers which have hydroxy capped polyoxyaikylene pendants blended with 
those which have hydrocarbon capped pendants, provides a useful stabilizer for both cell structure control 
and shear collapse. 

Table 2 shows the results from a foaming test with three hydroxy terminated pendant copolymers. 

10 Foam pads were made using Formulation 2 at 100 pphp of Polymer polyol C and 0 pphp Polyether potyol 
B. The test was performed in a 381 x 381 x 102 mm mold containing no block insert. Whereas the block 
mold test was used to explore shear stability, the test in this example was performed to demonstrate 
surface cell structure control in a foam. Naturally, a useful surfactant will start to provide fine surface cell 
structure when the surfactant concentration reaches 0.5 to 1 .0 pphp, and then continue to provide fine cell 

75 structure until an extremely high concentration is achieved. The copolymers shown in Table 2 do not exhibit 
this feature, rather they provide no fine surface cell structure up to concentrations as high as 4.0 pphp. 

Table 2 



20 


Copolymer Structure and Foaming Test Using Hydroxy Terminated Polyoxyaikylene Pendant Copolymers 




Comparative Example 


Hydroxy Terminated 
Copolymer 


Copolymer Structure 


Surfactant Cone pphp 


Evaluation 


25 


J- 


G 


M[>2D*4M 


1.0 


Severe 










Surface 
Voids 




K* 


B 


MDbD'gM 


1.0 


Severe 
Surface 


30 










Voids 


L* 


B 


M0eD*6M 


2.0 


Severe 
Surface ' 
Voids 




M* 


B 


MDbD*6M 


4.0 


Severe 


35 










Surface 










Voids 






D 




1.0 


Severe 
Surface 
Voids 


40 




D 




4.0 


Severe 










Surface 
Voids 



* All comparative Examples were run using copolymers having hydroxy terminated pendants as 
described in this application. The various letters of these hydroxy terminated copolymers represent 
45 variations in the polydimethylsiloxane portion of these copolymers. 



The copolymer surfactant is diluted to 10 percent by weight in a polyol and then used in the designated 
concentration which Is expressed in parts per hundred parts of the polyol in the formulation. 
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Tables 



Copolymer Structure and Block Mold Test Evaluation Using Hydroxy Terminated Polyoxyalkylene 




Pendant Copolymers Blended With Methyl Capped Cosurfactant MDD**M 




Example 


nyuFUAy 




rimv^lx/mAr/rV^ci irfar^sinf 

vU|JViliyMIOl/%AJOUl laUlOlll 




Foam 




Terminated 


Structure 


Ratio 


Conc/pphp 


. Rating 




Coploymer 










1 






0/100% 


2.5 


3 


2 


A 


MD^DVM 


1.0/1.5 


2.5 


5 


3 


B 


MDsD'eM 


1.0/1.5 


2.5 


7 


4 


C 


MDiD'sM 


1.0/1,5 


2.5 


4 


5 


D 


MDsD'sM 


1.0/1.5 


2.5 


4 


6 


• E 


MD4D*8M 


1.0/1.5 


2.5 


4 


7 


F 


MD2D-6M 


1.0/1.5 


2.5 


4 


8 


A 


MD4DVM 


1,5/1.5 


3.0 


5 


9 


B 


MD^D^eM 


1.5/1.5 


3.0 


4 


10 


C 


MD^D'eM 


1.5/1.5 


3.0 


4 


11 


B 


MDbD*sM 


0.1/1.5 


1.6 


5 



The hydroxy terminated copolymer is diluted to 10% by weight In polyol before blending In the ratio 
shown above. 

The methy) capped surfactant was diluted to approximately 25% in polyol before blending in the ratio 
25 shown above. 

The surfactant blend concentration is expressed in parts per 100 parts of polyol used in the formulation. 

Table 4 



Copolymer Structure and Block Mold Test Evaluation Using Hydroxy Terminated Polyoxyalkylene 




Copolymers Blended Witii Methyl Capped Cosurfactant MDD**M 




Example 


Hydroxy 


Copolymer 


Copolymer/Cosurfactant 


Surfactant Blend 


Foam 




Terminated 


Structure 


Ratio 


Conc/pphp 


Rating 




Copolymer 










12 






0/100% 


2.5 


3 


13 


G 


MD2D34M 


1.0/1.5 


2.5 


4 


14 


H 


MP2D36M 


1.0/1.5 


2.5 


8 


15 


1 


MD4D34M 


1.0/1.5 


2.5 


7 


16 


J 


MDaD^bM 


1.0/1.5 


2.5 


4 


17 


K 


MDeD^sM 


1.0/1.5 


2.5 


7 


18 


L 


MD^D^sM 


1.0/1.5 


2.5 


4 


19 


M 


MDaD^gM 


1.0/1.5 


2.5 


5 


20 


G 


MD2D34M 


1.5/1.5 


3.0 


4 


21 


J 


MD+CPsM 


1.5/1.5 


3.0 


7 


22 


K 


MDgD^gM 


1.5/1.5 


3.0 


7 


23 


L 


MDbD^sM 


1.5/1.5 


3.0 


4 



50 The hydroxy terminated copolymer Is diluted to 10% by weight in polyol before blending In the ratio 
shown above. 

The methyl capped surfactant was diluted to approximately 25% in polyol before blending In the ratio 
shown above. 

The surfactant blend concentration is expressed in ports per 100 parts of polyol used in the formulation. 

55 
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Examples 24 - 36 

These Examples demonstrate that further unexpected advantage In stabilizing foam against shear 
collapse can be gained by preparing copolymers based on the average structure (both silicone and pendant 

5 group) of the stabilizing blends demonstrated in Examples 1-23. Thus copolymer N was prepared by first 
equilibrating M, D and d' to give a nominal structure MDz^d'i^M that is the weighted average of silicone 
structure in hydroxy terminated copolymer B In Examples 1-23 and the silicone structure of the methyl 
capped cosurfactant used In Examples 1-23. This product was then hydrosilyated with a mixture of 
allylmethoxytriglycol and an ally! started polyethylene oxide of molecular weight 350. The mixed pendant 

70 copolymer thus formed is an average structure silicone that contains a mixture of methyl capped and 
hydroxy terminated polyether pendants; The stabilizing ability of this single copolymer with mixed pendants 
can then be compared to the results for hydroxy terminated copolymer B blended with the methyl capped 
cosurfactant in Examples 1-23. 

Similarly, copolymer P is the average structure of the surfactant blend of hydroxy terminated copolymer 

75 F and the methyl capped cosurfactant used in Examples 1-23. Copolymer O is another example that 
demonstrates that stabilizing advantage of having a copolymer with both hydroxy terminated and methyl 
capped pendants. 

The results of the Block Mold Test using Formulation 1 for the average staicture copolymers is shown 
is Table 5. They clearly demonstrate the surprising advantage of averaging the structures. Thus copolymer 
20 N is rated as 9 versus a rating of 7 for the physical blend using copolymer B In Example 3. Copolymer P is 
rated as 7 versus a rating of 4 for the physical blend using copolymer F in Example 3. Copolymer O also 
performed well with a rating of 7. 

Table 5 

25 



Copolymer Structure and Block Mold Test Evaluation Mixed Hydroxy and Methyl Terminated Pendant 






Copolymers 






Example 


Mixed Pendant 


Copolymer 


Pendant Ratio 


Surfactant 


Foam Rating 




Copolymer 


Structure 




Cone, pphp 




24 


N 


MD2.5D*i.98M 


40/60 


2.5 


9 


25 


0 


MD,.45D*i.3iM 


40/60 


2.5 


7 


26 


P 


MDi.76D*l.98M 


40/60 


2.5 


7 



35 

The copolymer is diluted to 20% by weight to make the surfactant. The surfactant concentration is 
expressed in parts per 100 part of polyol. 

Examples 27 - 36 

40 

Examples 27-36 further demonstrates the advantage of having polyoxyalkylene pendants which are both 
hydroxy terminated and methyl capped In varying ratios In the same copolymer. These examples also show 
allyl started polyalkylene oxides that incorporate propylene oxide. 
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Table 6 



10 



Copolymer Structure and Block Mold Test Evaluation Mixed Hydroxy Terminated and Methyl Capped 

Copolymers 


Example 


Mixed Pendant 


Copolymer 


Pendant 


Surfactant Cone. 


Foam Rating pphp 




Copolymer 


Structure 


Ratio 






27 


Q 


MD2.5D52.0M 


50/50 


1.5 


8 


28 


R 


MD2.5D52.0M 


60/40 


1.5 


8 


29 


S 


MD3.oD52.oM 


50/50 


1.5 


8 


30 


T 


MD2.5D52.0M 


70/30 


1.5 


9 


31 


U 


MD2.5D52.0M 


60/40 


1.5 


8 


32 


V 


MD3.oDS2£M 


70/30 


1.5 


9 


33 


w 


MD3.oD^2.oM 


50/50 


1.5 


7 


34 


X 


MD2.5DS2.0M 


50/50 


1.5 


8 


35 


Y 


MD3.0DS.0M 


50/50 


1.5 


7 


36 


z 


MD3.0DS2.0M 


70/30 


1.5 


9 



20 The copolymer is diluted to 25% by weight in a polyol and then used in the designated concentration 
which Is expressed in parts per 100 parts of polyol. 

Examples 37 - 44 and Comparative Examples P-S 

25 Examples 37-44 demonstrate the unexpected advantage of increasing breathability by preparing a 
single surfactant having both hydroxy terminated and methyl capped pendants comprised of both ethylene 
oxide and propylene oxide units. Blended surfactants made from equal amounts of hydroxy terminated 
polyether pendant copolymers and methyl capped polyether pendant copolymers were foam tested for 
breathability in the test described above. Analogous surfactants were prepared from single copolymers 

30 having equal amounts of both hydroxy terminated and methyl capped polyethers pendants. These were 
also tested for foam breathability in the above described test. The results are described below and 
demonstrate that the single mixed surfactants are more open and thus more preferable. 

Table 7 shows the results for foam breathability tests of copolymers with pendants made with 
allylmethoxytriglycol (AMTG) and either allyl started polyethylene oxide (APEG) or allyl started poty- 

35 propylene oxide (APPG). The tests were run using Formulation 2 with 100 parts of Polymer polyol C which 
is significantly higher than the normal concentration of 40 to 60 parts. In this test, the totally methyl capped 
pendant copolymer (FF) did not make a stable foam. For copolymer pendants made from either APEG or 
APPG, the mixed pendant copolymer (II or LL) provides a more breathable foam than either the hydroxy 
terminated pendant copolymer (GG or JJ) or the blend of the ail hydroxy terminated pendant copolymer 

40 and the all methyl capped pendant copolymer (HH and KK). 

Table 8 shows a similar set of foam breathability tests for a second silicone structure using the same 
pendant groups as in Table 6. Formulation 2 was used for these tests, with 70 parts of Polymer polyol C 
and 30 parts of Polyether polyol B. The results show the same trends as those in Table 7. The mixed 
AMTG/APEG and AMTG/APPG pendant copolymers are more breathable than the analogous blends of 

45 AMTG pendant copolymer with either APEG or APPG pendant copolymer. 
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Table? 



Copolymer Structure and Breathabilrty Foam Test Using Mixed Hydroxy Terminated and Methyl Capped 

Pendant Copolymers 


Example 


Copolymer 


Copolymer 
Structure 


Pendant Ratio 


Copolymer 
Blend Ratio 


Top End 
Conc/pphp 


Comparative Example P 
Comparative Example Q 


FF 
GG 


MDa.sD'z.sM 
MD2.5D72.5M 


100/0 
0/100 




no stable foam 
0.75 


37 


HH 




100/0 
0/100 


50/50 


0.75 


38 

Comparative Example R 


II 

JJ 


MDz^D^zsM 


50/50 
0/100 




1.0 

1.0 


39 


KK 


MDs^D^s^M 


100/0 
0/100 


50/50 


1.0 


40 


LL 


MDz^D^z^M 


50/50 




2.0 



20 

HH and KK are blends of two independently prepared copolymers. The copolymers were dissolved to 
20 weight percent in a polyol and used at the listed concentration expressed in parts per 100 parts of polyoi 
in the formulation. 

25 Tables 



Copolymer Structure and Breathability Foam Test Mixed Hydroxy Tenninated and Methyl Capped 

Pendant Copolymers 


Example 


Copolymer 


Copolymer 
Structure 


Pendant Ratio 


Copolymer Blend Ratio 


Top End Conc/pphp 


Comparative 
Example S 


AA 


MDi.85D8i^M 


100/0 




3.5 


41 


BB 


MD1.85D81.2M 
MD1.85DS1.2M 


100/0 
0/100 


50/50 


0.5 


42 


CC 


MOlssD^i^M 


50/50 




0.75 


43 


DD 


MD1.85D81.2M 
MD1.85D81.2M 


100/0 

0/100 


50/50 


1.25 


44 


EE 


MDt4»D8i.2M 


50/50 




1.50 



BB and DD are blends of two independently prepared copolymers. The copolymers were dissolved to 
46 20 weight percent In a polyol and used at the listed concentration expressed in parts per 100 parts of polyol 
in the formulation. 

Examples 45 - 51 

50 These Examples demonstrate the ability to control the breathability of the foam by changing the ratio of 
hydroxy terminated pendant groups to methyl capped pendant groups. A series of copolymers were 
prepared with different ratios of a methyl capped pendants to hydroxy terminated pendants using pendant 
groups based on both ethylene oxide and propylene oxide. These were then test in the foam breathability 
test described above. The results from these tests are shown in Table 9. They demonstrate that the 

55 breathability increases in a controllable manner as the ratio of methyl capped pendant to hydroxy 
terminated pendant increases. Thus it is possible to design a copolymer with the desired foam breathability 
by adjusting this ratio. 
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Table 9 



10 



IS 



Copolymer Structure and Foam Breathability Test Mixed Hydroxy Terminated and Methyl Capped Pendant 


Copolymer Formulation 2: 70 pphp C - 30 pphp B 




Example 


Copolymer 


Copolymer Structure 


Pendant Ratio 


Top End 










Conc/pphp 


45 


CC 


MDi.85D9i.2M 


50/50 


0.75 


46 


MM 


MDissD^izM 


70/30 


0.85 


47 


NN 


MDi.85D^i^M 


80/20 


1.0 


48 


00 


MOlssD^i^M 


85/15 


1.75 


49 


PP 


MDi.85D9i.2M 


90/10 


2.75 


50 


QQ 


MDt^D9i.2M 


50/50 


1.50 


51 


RR 


MDi.s6D3,.2M 


80/20 


3.25 



The copolymers were dissolved to 20 weight percent in a polyol and used in the listed concentration 
expressed in parts per 100 parts of polyol in the formulation. 

20 Claims 

Claims for the following Contracting States : BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 

1. A polyurethane foam surfactant which comprises: one or more polydialkylsiloxane-polyoxyalkylene 
copolymer(s) wherein the polydialkylsiloxane backbone contains no more than 10 silicon atoms and the 
backbone Is substituted with an average of at least 0.5 polyoxyalkylene substltuents wherein 

(a) 5 to 95 percent by weight of the pendants on the copolymer have the formula 

-R(R%(R")bXand 

(b) 95 to 5 percent by weight of the pendants on the copolymer have the formula 
.R{R')c{R")dOH 

wherein R is an alkylene group of 1 to 4 carbons linked to the silicon atom. R' is an oxyalkylene 
group of 1 to 4 carbons, R" is a second oxyalkylene group ofl to 4 carbons which is different from 
R*. a + b is 1 to 15. and X is -OR^ or 



25 



30 



35 



45 2. 



50 3. 



55 



•0CR3 

8 

where R^ Is a monovalent alkyl group of 1 to 4 carbons; and c + d is 1 to 10. 

The surfactant of claim 1 wherein the polydialkylsiloxane is linearly construed from R2Si(Oi/2)2 chain 
extending units and RsSiOiya chain terminating units that contain the polyoxyalkylene pendants either 
intemally on some of the B2S\{0^f^)2 chain extending units, or terminally on some of the RaSiOi^z 
chaintermlnating units, or both and wherein R Is an alkyl group having 1 to 6 carbon atoms. 

The surfactant of claim 1 wherein the polydialkylsiloxane is constructed from R2Si(Oi/2)2 units. R3SiOi/2 
units and RSi(Oi/2)3 or Si(0i/2)4 units which RSi(Oi/2)3 or SKdyaH units create branching with the 
polydialkylsiloxanes wherein the polyoxyalkylene chain Is attached to the R2Si(0iy2)2 unit, the R3Si0i/2 
unit or the RSiCOiah unit or any combination of the three and wherein R Is an alkyl group having 1 to 6 
carbon atoms. 



4. The surfactant of claim 2 or 3 wherein R is methyl. 

5. The surfactant of claim 1 wherein the copolymer is: 
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a) Me3Si(OSiMe2)h(OSiMeQ)i(OSiMeP)jOSiMe3 or 

b) DgSi((OSiMe2)h(OSiMeQ)i(OSiMeP)jOSIMe3)4.g or 

c) DaSI((0SiMe2)h(0SIM©2Q)m(0SiM92P)„)4-8 or 

d) DgSj{(OSiMe2)h(OSiMeQ)|(OSIMeP)j(OSiMe2QUOSIMe2P)n)4-oOr 
5 e) (QMe2Si)k(OSiMe2)h(OSiMeQ)i{OSiMeP)j{OSiMe2P)i 

wherein Me is a methyl group, i has an average value of 0.023 to 3.0. j has an average value of 0.025 
to 3.0 such that the ratio of i/j Is in the range of 0.05/0.95 to 0.95/0.05. i j has an average value of 0.5 
to 3.0, h 1 + j has an average value of 0.5 to 8.0, Q is 

10 -R(R')a(R")bX 

and P is 
.R(R')c(R")dOH 

75 

and D is a hydrocarbon radical free of aliphatic unsaturation and contains from 1 to 10 cartx>n atoms, g 
has an average value of 0 to 3, h has an average value of 0 to 8. m has an average value of 0.05 to 
0.95. n has an average value of 0.05 to 0.95, m + n equals 1.0, wherein k has an average value of 0.1 
to 1.9, 1 has an average value of 0.1 to 1.9, k + I equals 2.0 and r, R', R". a, b, c, d, and X are as 
20 described in claim 1. 

6. The polyurethane foam surfactant of claim 5a) in a polyurethane foam solution which surfactant 
comprises the linear polysiloxanepolyalkylene copolymer: 

25 Me3Si(OSiMe2)h(OSiMeQ)i(OSiMeP)jOSiMe3 

wherein R is propyl, R' and R" constitute a polyether made from oxyethyl, oxypropyl or a mixture of 
oxyethyl and oxypropyl groups to give a total molecular weight of 100 to 450, X is a methoxy group, 

and P is 

30 

.R(R')c(R")dOH 

wherein R is propyl, and R* and R" constitute a polyether made from oxyethyl. oxypropyl or a mixture 
of oxyethyl and oxypropyl groups to give a total molecular weight of 100 to 450. 

35 

7. The use of the surfactants of claims 1 to 6 as foam stabilizers in a process for making molded, flexible 
polyurethane foams. 

8. The use of 0.02 to 5 parts by weight, preferably 0.02 to 2 parts by weight of the surfactants of claims 1 
40 to 6 as foam stabilizers per 100 parts of copolymer/polyol in a process for making molded, flexible 

polyurethane foams. 

Claims for the following Contracting State : AT 

45 1. A process for making molded, flexible polyurethane foams of improved breathability characterized in 
that as foam stabilizer one or more polydialkylsiloxane-polyoxyalkylene-copolymer(s) is (are) used, 
wherein the polydialkylsiloxane backbone contains no more than 10 silicon atoms and the backbone Is 
substituted with an average of at least 0.5 polyoxyalkylene substituents wherein 

(a) 5 to 95 percent by weight of the pendants on the copolymer have the formula 

50 

-R(R')a(R")bX and 

(b) 95 to 5 percent by weight of the pendants on the copolymer have the fonmula 

55 -R(R%(R")dOH 

wherein R is an alkylene group of 1 to 4 carbons linked to the silicon atom, R' is an oxyalkylene 
group of 1 to 4 cartx>ns, R" is a second oxyalkylene group of 1 to 4 cart>ons which is different from 
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R', a -i- b is 1 to 15, and X is -OR^ or 

8 

where is a monovalent alkyi group of 1 to 4 carbons; and c * d is 1 to 10. 

10 2. The process of claim 1 using a copoiymer wherein the polydialkylsiloxane is linearly construed from 
R2Si(Oi/2)2 chain extending units and R3SiOi/2 chain terminating units that contain the polyoxyalkytene 
pendants either intemally on some of the R2Si(Oi/2)2 chain extending units, or terminally on some of 
the R3SiOi/2 chain terminating units, or both and wherein R is an alkyI group having 1 to 6 carbon 
atoms. 

75 

3. The process of claim 1 using a copolymer wherein the polydialtcylsiloxane Is constructed from R2Si- 
(Oi/2)2 units, R3SiOi/2 units and RSi(Oi/2)3 or Si{Oi/2)4 units which RSi(Oi/2)3 or SI(Oi/2)4 units create 
branching with the polydialkylsiloxanes wherein the polyoxyaikylene chain is attached to the R2SI(Oi/2)2 
unit, the R3SIO1/2 unit or the RSi(Oi/2)3 unit or any combination of the three and wherein R is an alkyI 

20 group having 1 to 6 carbon atoms. 

4. The process of claim 2 or 3 wherein R is methyl. 

5. The process of claim 1 wherein the copolymer is: 

25 a) Me3Si(OSiMe2)h(OSiMeQ)i(OSiMeP)jOSiMe3 or. 

b) DgSi((OSiMe2)h(OSiMeQ)i(OSiMeP)jOSiMe3)4.g or 

c) DgSi((OSiMe2)h(OSiMe2Q)m(OSiMe2P)„)4-g or 

d) DgSi((OSilVle2)h(OSiMeQ),(OSiMeP)j(OSIMe2Q)m(OSiMe2P)„)4-fl or 

e) (QMe2Si)ic(OSiMe2)h(OSIMeQ)i{OSiMeP)j(OSiMe2P)i 

30 wherein Me is a methyl group, i has an average value of 0.025 to 3.0, j has an average value of 0.025 
to 3.0 such that the ratio of i/j is in the range of 0.05/0.95 to 0.95/0.05. 1 + j has an average value of 0.5 
to 3.0, h -I- I + j has an average value of 0.5 to 8.0, Q Is 

-R(R')a(R")bX 

and P is 

-R(R')c(R")dOH 

40 and D is a hydrocdrt)on radical free of aliphatic unsaturation and contains from 1 to 10 carbon atoms, g 
has an average value of 0 to 3. h has an average value of 0 to 8. m has an average value of 0.05 to 
0.95, n has an average value of 0.05 to 0.95. m + n equals 1.0. wherein k has an average value of 0.1 
to 1.9, I has an average value of 0.1 to 1.9, k I equals 2.0 and r, R', R", a. b. c. d, and X are as 
described in claim 1 . 

45 

6. The process of claim 3, using the copolymer of claim 5a) in a poiyurethane foam solution, wherein R is 
propyl. R' and R" constitute a polyether made from oxyethyl. oxypropyl or a mixture of oxyethyl and 
oxy propyl groups to give a total molecular weight of 100 to 450, X is a methoxy group, and P is 

60 -R(R')c(R")dOH 

wherein R is propyl, and R' and R" constitute a polyether made from oxyethyl. oxypropyl or a mixture 
of oxyethyl and oxypropyl groups to give a total molecular weight of 100 to 450. 

55 7. The process of claims 1 to 6 wherein 0.02 to 5 parts by weight, preferably 0.02 to 2 parts by weight of 
the stabilizer per 100 parts of copolymer/polyol are used. 
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PatentansprUche 

PatentansprUche fUr folgende Vertragsstaaten : BE, CH, DE, FR, GB, IT, U, LU, NL, SE 

1. Polyurethan-Schaumtensid umfassend: 

ein Oder mehrere Polydlalkylslloxan-PolyoxyalkylenCopolym8r(e), worin das Polydlalkylsiloxan-Grund- 
gerOst nicht mehr als 10 Slilciumatome enthSIt und das GrundgerUst mit durchschnittlich mindestens 
0,5 Polyoxyalkylensubstituenten substituiert ist, worin 

(a) 5 bis 95 Gew.-% der Seitengaippen des Polymeren folgende Formal aufwelsen 

-R(R')a(R")bX und 

(b) 95 bis 5 Gew.-% der Seitengruppen des Polymeren folgende Formel aufwelsen 

■R(R')c(R")dOH 

worin R fur eine Alkylengruppe mit 1 bis 4 an das Slliciumatom gebundenen Kohienstoffatomen 
steht, R' fOr eine Oxyalkylengruppe m'rt 1 bis 4 Kohienstoffatomen steht, R" eine zwelte, von R' 
verschiedene Oxyalkylengruppe mit 1 bis 4 Kohienstoffatomen darstellt. a b gleich 1 bis 15 ist, 
und X far -OR^ Oder 

OCR' 

II 
O 

steht, worin R^ eine einwertlge Alkylgruppe mit 1 bis 4 Kohienstoffatomen ist, und c + d gleich 1 bis 
10 ist. 

2. Tensid nach Anspruch 1, worin das Polydialkylsiloxan aus kettenerweiternden R2Si(Oiy2)2-Elnhelten und 
kettenbeendenden RaSiOi/2-Einheiten linear aufgebaut ist, welche die Polyoxyalkyien-Seitengruppen 
entweder Innerhalb an einigen der kettenerweiternden R2Si(Oi/2)2*Einheiten Oder endstandig an einigen 
der kettenbeendenden R3SiOi/2-Einheiten oder an beiden enthalten. und worin R eine Alkylgruppe mit 1 
bis 6 Kohienstoffatomen ist 

3b Tensid nach Anspruch 1. worin das Polydialkylsiloxan aufgebaut ist aus R2Si{Oi/2)2-Einheiten, R3SiOi/2- 
Einheiten und RSi(Oiy2)3- oder SiCOi/aH-Einheiten, wobei die HS\{Omh' od^c Si(Oi)2)4-Etnheiten eine 
Verzweigung mrt dem Polydialkylsiloxan erzeugen, worin die Polyoxyalkylenkette mit der R2Si(Ot/2)2- 
Einhell,der RaSiOi/a-Einheit oder der RSI{Oi/2)3-Einheit oder einer beliebigen Kombination der drei 
verbunden ist, und worin R fOr eine Alkylgruppe mit 1 bis 6 Kohienstoffatomen steht. 

4. Tensid nach Anspruch 2 oder 3, worin R fUr Methyl steht. 

6. Tensid nach Anspoich 1, worin das Copolymer wie folgt ist: 

a) Me3Si(OSiMe2)h (OSiMeQ)i (OSiMeP)j OSiMea Oder 

b) DgSi((0SiMe2)h (OSiMeQ)i (OSiMeP)j 0SiMe3)4<g Oder 

c) DgSi((0SiMe2)h (0SIMe2Q)m (0SiMe2P)„)4.g Oder 

d) DgSi((0SiMe2)h (OSiMeQ), (OSiMeP), (0SiMe2Q)m (0SiMe2P)n)4-g oder 

e) (QMe2Si)k (0SiMe2)h (OSiMeQ)i (OSIMeP)j (0SiMe2P)i . 

worin Me eine Methylgruppe ist, I einen mittleren Wert von 0,025 bis 3,0 hat. j elnen mittleren Wert von 
0.025 bis 3,0 hat, so dafi das Verhaltnis von i/j im Bereich von 0.05/0,95 bis 0,95/0,05 liegt. i + j einen 
mittleren Wert von 0,5 bis 3,0 hat, h + i + j einen mittleren Wert von 0,5 bis 8,0 hat, Q fUr 

-R(R%(R")bX 

steht, und P fOr 

-R(R')c{R")dOH 



22 



EP 0 254 890 B1 



steht, und D ein von aiiphatischer Ungesattigtheit freier Kohlenwasserstoffrest mit 1 bis 10 Kohlenstoff- 
atomen ist, g einen mittleren Wert von 0 bis 3 hat, h einen mittleren Wert von 0 bis 8 hat, m einen 
mittleren Wert von 0,05 bis 0,95 hat, n einen mittleren Wert von 0,05 bis 0,95 hat, m + n gleich 1,0 ist, 
worin k einen mittleren Wert von 0.1 bis 1.9 hat, I einen mittleren Wert von 0.1 bis 1.9 hat. k + I gleich 
6 2.0 ist, und r, R', R*', a, b, c, d und X die in Anspruch 1 t>eschriebe Bedeutung haben. 

6. Polyurethan-Schaumtensid nach Anspruch 5a) In einer Polyurethanschaum-Losung, wobei das Tensid 
das folgende lineare Polyslloxanpolyalkylen-Copolymer umfaBt: 

70 Mea Si(0SiMe2)h (OSiMeQ)i (OSiMeP)j OSIMea 

worin R fOr Propyl steht, R' und R" einen derart aus Oxyethyl-. Oxypropyl- Oder einer Mischung aus 
Oxyethyl- und Oxypropylgruppen hergesteliten Polyether darstellen, daB ein Gesamtmolekulargewicht 
von 100 bis 450 erreicht wird, X eine Methoxygruppe ist, und P fOr 

75 

-R(R')c(R")dOH 

steht, worin R fOr Propyl steht. und R' und R" einen derart aus Oxyethyl-. Oxypropyl- oder einer 
Mischung aus Oxyethyl- und Oxypropylgruppen hergesteliten Polyether darstellen, daB ein Gesamtmo- 
20 lekulargewicht von 100 bis 450 erreicht wird. 

7. Venwendung der Tenslde aus den AnsprUchen 1 bis 8 als Schaumstabilisatoren in einem Verfahren zur 
Herstellung gefonmter PolyurethanweichschSume. 

25 8. Venwendung von 0,02 bis 5 Gewichtsteilen, vorzugsweise 0.02 bis 2 Gewichtsteilen. der Tenside aus 
den AnsprUchen 1 bis 6 als Schaumstabilisatoren pro 100 Teilen des Copotymeren/Polyols in eInem 
Verfahren zur Herstellung geformter PolyurethanweichschSume. 

PatentansprUche fUr folgenden Vertragsstaat : AT 

30 

1. Verfahren zur Herstellung geformter PolyurethanweichschMume mit verbesserter Atmungsfdhigkeit. 
dadurch gekennzeichnet daB als Schaumstabilisator ein oder mehrere Polydialkylslloxan-Polyoxyal- 
kylen-Copolymer(e) venvendet werden, worin das Polydialkylsiloxan-GrundgerOst nicht mehr als 10 
Siliciumatome enthalt und das GrundgerUst mit durchschnittlich mindestens 0.5 Polyoxyalkylensubstitu- 
95 enten substituiert ist, worin 

(a) 5 bis 95 Gew.-% der Seitengruppen des Polymeren folgende Formel aufweisen 

-R(R')a{R")bX und 

40 (b) 95 bis 5 Gew.-% der Seitengruppen des Polymeren folgende Formel aufweisen 

.R(R%(R")dOH 

worin R fUr eine Alkylengruppe mit 1 bis 4 an das Siliciumatom gebundenen Kohlenstoffatomen 
45 steht R* fOr eine Oxyalkylengruppe mit 1 bis 4 Kohlenstoffatomen steht, R" eine zweite, von R' 

verschledene Oxyalkylengruppe mit 1 bis 4 Kohlenstoffatomen darstelit, a + b gleich 1 bis 15 ist, 
undXfUr -OR^oder 

OCR' 

II ^ 
O 



steht, worin R^ eine einwertige Alkylgnjppe mit 1 bis 4 Kohlenstoffatomen ist, und c + d gleich 1 bis 
55 10 Ist. 

2. Verfahren nach Anspruch 1, bei dem ein Copolymer verwendet wird, worin das Polydialkylsiioxan aus 
kettenerweiternden R2Si(Oi/2)2-Einhelten und kettenbeendenden R3SiOi/2-Einheiten linear aufgebaut ist, 
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welche die Polyoxyalkylen-Seitengruppen entweder innerhalb an einigen der kettenerweitemden FbSi- 
(Oi/2)2-Einheiten Oder endstSndig an einigen der kettenbeendenden RsSiOi/rEinheiten Oder an beiden 
enthalten, und worin R eine Afkylgruppe mtt 1 bis 6 Kohlenstoffatomen ist. 

5 3. Verfahren nach Anspruch 1, bei dem ein Copolymer verwendet wird, worin das Polydialkylsiloxan 
aufgebaut ist aus 

R2Si(Oi/2)2-Einheiten, RsSiOi^-Einheiten und RSi(Oiy2)3- oder Si(0i/2)4-Elnhelten, wobei die RSi(Oi/2)3- 
oder Si(Oi/2)4*Einheiten eine Verzweigung mit dem Polydialkylsiloxan erzeugen, worin die Polyoxyalky- 
lenkette mit der R2Si(Oi/2)2-Einheit,der RaSiOi/a-Einheit oder der RSI(Oi/2)3-Einheit Oder einer beliebi- 
10 gen Kombination der drei verbunden ist, und worin R fUr eine Alkylgruppe mit 1 bis 6 Kohlenstoffato- 
men steht. 

4. Verfahren nach Anspruch 2 oder 3, worin R fUr Methyl steht. 

75 5. Verfahren nach Anspruch 1, worin das Copolymer folgendes ist: 

a) Me3Si(OSiMe2)h (OSiMeQ)i (OSiMeP)j OSiMea Oder 

b) DgSi((0SiMe2)h (OSiMeQ)i (OSlMeP)j OSiMe3)4-g oder 

c) DgSi((0SiMe2)h (0SiMe2Q)m (OSiMe2P)n)4-g oder 

d) DaSi((0SiMe2)h (OSiMeQ)i (OSiMeP)j (0SiMe2Q)m (OSiMe2P)„)4-o Oder 
20 e) (QMe2Si)k (0SiMe2)h (OSiMeQ)i (OSiMeP)j (0SiMe2P)i . 

worin Me eine Methylgruppe ist. i einen mittleren Wert von 0.025 bis 3.0 hat. j einen mittleren Wert von 
0.025 bis 3.0 hat, so dafi das VerhSltnis von i/j im Bereich von 0.05/0.95 bis 0,95/0,05 liegt, i + j einen 
mittleren Wert von 0,5 bis 3,0 hat, h i + j einen mittleren Wert von 0,5 bis 8,0 hat, Q fOr 

25 .R(R')a(R")5X 

steht. und P fOr 

-R(R')c(R")dOH 

30 

steht, und 0 ein von aliphatischer UngesSttigtheit freier Kohlenwasserstoffrest mit 1 bis 10 Kohlenstoff- 
atomen ist, g einen mittleren Wert von 0 bis 3 hat. h einen mittleren Wert von 0 bis 8 hat, m einen 
mittleren Wert von 0,05 bis 0,95 hat, n einen mittleren Wert von 0,05 bis 0,95 hat, m + n glelch 1 ,0 ist, 
worin k einen mittleren Wert von 0,1 bis 1,9 hat, I einen mittleren Wert von 0.1 bis 1,9 hat. k + I gleich 
35 2,0 Ist. und r, R', R", a. b, c, d und X die in Anspruch 1 k>eschriebene Bedeutung haben. 

6. Verfahren nach Anspruch 3, bei dem das Polymer von Anspruch 5a) in einer Potyurethanschaum- 
Losung verwendet wird, worin R fOr Propyl steht. R* und R" einen derart aus Oxyethyl-, Oxypropyl- 
oder einer Mischung aus Oxyethyl- und Qxypropylgruppen hergesteliten Potyether darstellen, da6 ein 

40 Gesamtmolekulargewlcht von 100 bis 450 enreicht wird. X eine Methoxygruppe ist, und P fUr 

-R(R')c(R")dOH 

steht, worin R fUr Propyl steht, und R* und R" einen derart aus Oxyethyl-. Oxypropyl- oder einer 
45 Mischung aus Oxyethyl- und Oxypropylgruppen hergesteliten Polyether darstellen, dafi ein Gesamtmo- 
lekulargewlcht von 100 bis 450 enreicht wird. 

7. Verfahren nach den AnsprOchen 1 bis 6, bei dem 0,02 bis 5 Gewichtsteile, vorzugswelse 0.02 bis 2 
Gewichtsteile. des Stabilisators pro 100 Telle Copolymer/Polyol verwendet werden. 

50 

Revendlcatlons 

Revendlcatlons pour les Etats contractants sulvants : BE, OH, DE, FR, GB, IT, U, LU, NL, SE 

1. Surfactant pour mousse de polyur^thanne, qui comprend : 
55 un ou ptusieurs copolym^res polydiaikylsiloxanepolyoxyalkyl^ne dans lesquels le squelette poly- 

dialkylsiloxane ne contient pas plus de 10 atomes de silicium et le squelette est substitu^ avec un 
nombre moyen d'au moins 0,5 substituant polyoxyaikyl^ne, dans lequel 
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(a) 5 ^ 95 pour cent en poids des groupes iat^raux sur le copolym^re r^pondent h la formule 
-R(R')a(R")bXet 

5 (b) 95 ^ 5 pour cent en poids des groupes lateraux sur le copolym§re repondent k la formule 

-R(R«)c(R")dOH 

formules dans lesquelles R repr^sente un groupe alkyl^ne ayant 1 h 4 atomes de carbons \\6 k 
10 Tatome de silicium, R' repr^sente un groupe oxyalkyl^ne ayant 1 k 4 atomes de carbone, R" 

repr^sente un second groupe oxyalkyl§ne ayant 1 h 4 atomes de carbone qui est different de R*. la 
somme a b a une valeur de 1 ^ 15, et X repr^sente un groupe -OR^ ou 

-OCR^ 



dans iequel R^ repr^sente un groupe alkyle monovalent ayant 1 h 4 atomes de carbone : et la 
20 somme c + d a une valeur de 1 ^ 10. 

2. Surfactant sulvant la revehdicatlon 1, dans Iequel le polydlalkylsiloxane est construit lin^airement k 
partir de motifs d'extension de chatne R2Si{Oi/2)2 et de motifs de terminaison de chaTne R3SiOi/2 qui 
contiennent les groupes polyoxyalkyl^ne lat^raux int^rleurement sur certains des motifs d*extension de 

25 chaTne ^S\{Omh* ou en position terminate sur certains des motifs de terminaison de chaTne R3SiOi/2, 
ou bien en ces deux positions, et dans Iequel R repr^sente un groupe alkyle ayant 1^6 atomes de 
carbone. 

3. Surfactant suivant la revendication 1, dans Iequel le polydialkylsiloxane est construit k partir de motifs 
30 R2Si(Oi/2)2, de motifs RaSiOi/z et de motifs RSi(Oi/2)3 ou Si(0i/2)i, motifs RSi(Oiy2)3 ou Si(0i/2)4 qui 

engendrent une ramification avec les polydlalkylsiloxanes, la chaTne polyoxyalkytdne 4tant fixde au 
motif R2Si(Oi/2)2. au motif RsSIOia ou au motif RSi(Oi/2)3 ou k n'importe quelle association de ces trois 
motifs, et R repr^sente un groupe alkyle ayant 1^6 atomes de carbone. 

35 4. Surfactant suh^ant la revendication 2 ou 3, dans Iequel R represents un groupe m^thyte. 

5. Surfactant suivant la revendication 1. dans Iequel le copolymdre est : 

a) Me3Si(OSiMe2)h(OSiMeQ)i(OSiMeP)jOSiMe3 ou 

b) DgSi((OSiMe2)h(OSiMeQ)i(OSiMeP)jOSiMe3)4-fl ou 
40 c) DgSi((OSiMe2)h(OSiMe2Q)m(OSiMe2P)n)4-g ou 

d) DgSi((OSiMe2)b(OSiMeQ)i(OSiMeP)j(OSiMe2Q)m(OSiMe2P)n)4-g ou 

e) (QMe2SiMOSiMe2)h(OSiMeQ)i(OSiMeP)j(OSiMe2P), 

formules dans lesquelles Me repr^sente un groupe m^thyle, i a une valeur moyenne de 0.025 k 3,0, j a 
une valeur moyenne de 0,025 h 3,0 de telle sorts que le rapport \fi soit compris dans Tintervalle de 
45 0,05/0,95 k 0.95/0.05. la somme i + j poss§ds uns valeur moyenne de 0,5 k 3,0, la somme h -i- i -i- j 
possdde une valeur moyenne de 0,5 k 8,0, Q repr^sente un groupe 

.R(R*)a(R")bX 

50 et P repr^sente un groupe 

-R(R')c(R")dOH 

et D repr^sente un radical hydrocart)on6 d^pourvu d'insaturatton aliphatique et contient 1^10 atomes 
55 de carbone. g a une valeur moyenne de 0 & 3, h a une valeur moyenne de 0 ^ 8, m a une valeur 
moyenne de 0,05 k 0,95, n a une valeur moyenne de 0,05 k 0,95, la somme m n est ^gale ^ 1 ,0, k 
a une valeur moyenne de 0,1 & 1,9, 1 a une valeur moyenne de 0,1 k 1,9, la somme k + I est 4ga\e k 
2,0 et r, R', R'\ a, b, c, d et X repondent aux definitions suivant la revendication 1. 
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6. Surfactant pour mousse de polyurethanne suivant la revendication 5a) dans une solution do preparation 
de mousse de polyurethanne, surfactant qui comprend le copolym^re polysiioxane-poiyalkyl^ne lineaire 



5 Me3SI(OSiMe2)h(OSIMeQ)i(OSiMeP)jOSiMe3 

dans lequel R repr^sente un groupe propyle, R' et R*' constituent un polyether formd de groupes 
oxy^thyle, oxypropyle ou d'un melange de groupes oxy^thyle et oxypropyle, permettant d'obtenir un 
poids moiecutaire total de 100 450, X represente un groupe m^thoxy et P repr^sente un groupe 

10 

-R(R')c(R")dOH 

dans lequel R represente un groupe propyle, et R* et R" constituent un polyether forme de groupes 
oxyethyle, oxypropyle ou d'un melange de groupes oxyethyle et oxypropyle. donnant un poids 
75 mbieculaire total de 100 & 450. 

7. Utilisation des surfactants suivant les revendications 1 k 6 comme stabilisants de la mousse dans un 
precede de production de mousses de polyurethanne flexibles mouiees. 

20 8. Utilisation de 0,02 k 5 parties en poids. de preference de 0,02 h 2 parties en poids. des surfactants 
suivant les revendications 1^6 comme stabilisants de la mousse pour 100 parties de copolyme- 
re/polyol dans un precede de production de mousses de polyurethanne flexibles mouiees. 

Revendications pour TEtat contractant suivant : AT 

25 

1. Precede de production de mousses de polyurethanne flexibles mouiees presentant une permeabilite 
aux gaz ameiloree, caracterise en ce qu'on utilise comme stabilisant de la mousse un ou ptusieurs 
copolymeres polydialkylsiloxane-polyoxyalkyiene, dans lesquels le squelette polydialkylsiloxane ne 
contlent pas plus de 10 atomes de silicium et le squelette est substitue avec un nombre moyen d*au 
30 moins 0,5 substituant polyoxyalkyl§ne. dans lequel 

(a) 5 ^ 95 pour cent en poids des groupes lateraux sur le copolymere repondent k la formule 

.R(R%(R")bXet 

35 (b) 95 ^ 5 pour cent en poids des groupes lateraux sur le copolymere repondent ^ la formule 

-R(R*)c(R")dOH 

formules dans lesquelles R represente un groupe alkyl^ne ayant 1 k 4 atomes de carbone lie h 
40 Tatome de silicium, R' represente un groupe oxyalkyiene ayant 1^4 atomes de carbone. R" 

represente un second groupe oxyalkyl^ne ayant 1^4 atomes de carbone qui est different de R', la 
somme a -t- b a une valeur de 1 ^ 15, et X represente un groupe -OR^ ou 



I 

O 

dans lequel R^ represente un groupe alkyle monovalent ayant 1^4 atomes de carbone ; et la 
50 somme c d a une valeur de 1 ^ 10. 

2. Procede suivant la revendication 1, utilisant un copolym§re dans lequel le polydialkylsiloxane est 

construit de manl^re lineaire h partir de motifs d'extension de chaTne R2Si(Oi/2)2 et de motifs de 
terminaison de chaTne R3SiOi/2 qui contiennent les groupes polyoxyalkyiene lateraux inteheurement sur 
55 certains des motifs d'extension de chaihe R2Si(Oi/2)2, ou en position terminale sur certains des motifs 
de tenDinaison de chatne R3SiOi/2. ou bien en ces deux positions, et dans lequel R represente un 
groupe alkyle ayant 1^6 atomes de carbone. 
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Proc^d§ suivant la revendication 1. utilisant un copolym^re dans lequel le polydialkylsiioxane est 
construit ^ partir de motifs R2Si(Oi/2)2. de motifs R3SiOi/2 et de motifs RSi(Oiy2)3 ou Si(Oi/2)4. motifs 
RSI(Oiy2)3 ou SI(0i/2)4 quI creent une ramification avec les polydialkylsiloxanes. la chatlne polyoxyalky- 
\bne ^tant fix^e au motif RzSHO^jz^r au motif R3SiOi/2 ou au motif RSi(Oi/2)3 ou k n'importe quelle 
association de ces trols motifs, et R repr^sente un groupe alkyle ayant 1 h 6 atomes de cartx>ne. 

Proc^d^ suivant la revendication 2 ou 3, dans lequel R repr^sente un groupe m^thyle. 

Proc^d^ suivant la revendication 1 , dans lequel le copolym^re est : 

a) Me3Si(OSiMe2)h(OSiMeQ}i(OSiMeP)jOSiMe3 ou 

b) DgSi((OSiMe2)h(OSiMeQMOSiMeP)jOSiMe3)4-g ou 

c) DgSi((OSiMe2)h(OSIMe2Q)m(OSiMe2P)„)4-o ou 

d) DgSi((OSiMe2)h(OSiMeQ)i(OSiMeP)j(OSiMe2Q)m(OSiMe2P)„)4.g ou 

e) (QMe2Si)k(OSiMe2)h(OSiMeQ),(OSiMeP)j(OSiMe2P)i 

formules dans lesquelles Me repr^sente un groupe m^thyle, i a une valeur moyenne de 0,025 h 3,0, j a 
une valeur moyenne de 0.025 k 3.0 de telle sorte que le rapport i/j soit compris dans I'intervalle de 
0.05/0,95 k 0,95/0,05, la somme I + j a une valeur moyenne de 0.5 k 3,0, la somme h | j a une 
valeur moyenne de 0,5 k 8,0. Q repr^sente un groupe 

■R(R')a(R")bX 

et P repr^sente un groupe 

-R(R')c(R")dOH 

et D repr^sente un radical hydrocarbon^ d^pourvu d'insaturation aliphatique et contient 1^10 atomes 
de carbone, g a une valeur moyenne de 0 ^ 3, h a une valeur moyenne de 0 8, m a une valeur 
moyenne de 0,05 k 0,95, n a une valeur moyenne de 0.05 k 0.95, la somme m -i- n est ^gale ^ 1,0, k 
a une valeur moyenne de 0,1 ^ 1,9. 1 a une valeur moyenne de 0.1 k 1,9. la somme k -i- I est 6gale k 
2,0 et r, R\ R", a, b, c, d et X r^pondent aux definitions suivant la revendication 1. 

Procdd^ suivant la revendication 3, utilisant le copolym6re suivant la revendication 5a) dans une. 
solution de preparation de mousse de polyurethanne. dans lequel R repr^sente un groupe propyle, R' 
et R" constituent un poly^ther form^ de groupes oxy^thyle. oxypropyle ou d'un melange de groupes 
oxy^thyle et oxypropyle, permettant d'atteindre un poids mol^culaire total de 100 k 450, X repr^sente 
un groupe m^tfioxy et P repr^sente un groupe 

-R(R*)c(R")dOH 

dans lequel R repr^sente un groupe propyle. et R' et R" constituent un poly^ther forme de groupes 
oxyethyle, oxypropyle ou d'un melange de groupes oxy^thyle et oxypropyle, permettant d'obtenir un 
poids moieculaire total de 100 ^ 450. 

Procede suivant les revendications 1 k 6, dans lequel une quantity de 0,02 k 5 parties en poids, de 
preference de 0.02 k 2 parties en poids, du stabilisant, pour 100 parties de copolym&re/polyol. est 
utilisee. 
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